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ABSTRACT 



A novel organic light-emitting pixel structure provides 
improved contrast pixels suitable for use in high-contrast 
p assive- and active-matrix displays. A dark, low-reflectance 
film is placed on a reflective or transparent substrate, which 
acts to absorb and/or trap ambient light impinging on the 
pixel and improving its contrast between on and off states. 
Optical scattering is reduced by fabricating a vertical wall 
around each pixel which effectively blocks out light emitted 
from adjacent pixels, and prevents the scattering of the 
pixel's own emitted light. Light is emitted through a trans- 
parent upper electrode, which allows the substrate to be 
non-transparent. c An active- matrix display is thus built on a 

\single silicon sub strate, with the c rystalline silicon transis- 
_toxs_ne eded to drive the active-matrix f abricated alongside 
their respective pixels, and with the walls surrounding th e 

— p ixels formed from the dnve circuitry itself 

31 Claims, 5 Drawing Sheets 
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CONTRAST ORGANIC LIGHT-EMITTING the end of each electrode strip/address line only. Active- J \t- &n 

DISPLAY ^ matrix displ ays, on the other hand, which are generally 

pre ferred due to their superior brightness, pla ce one or more < QlAjC^QjJQ-- 

BACKGROUND OF THE INVENTION jnvTng transistors at each pixel; this provides tfrr~rgregter 

, . 5 current flow through and an increased brightness from each Lw? .v/y(4L) a /vs. 

1. Field of the Invention W essedjnxj^ ~ 1^^>U^ 

This invention relates to organic light-emitting displays, Some cffofts have becn directed tQwards display slmc . 

and particularly to improved contrast organic light-emitting ^ which cmit hght through a traDsparent upper electrode, 

displays. as wc y ^ t^ugh a gj ass substrate. These displays, dis- 

2. Description of the Related Art 10 cussc d for example in U.S. Pat. No. 4,885,211 to Tang et al. 
Research proceeds on many fronts to develop high- and in G. Gu, "Transparent organic light emitting devices," 

resolution displays, for laptop computers, personal commu- Appl. Phys. Lett, vol. 68, No. 19 (1996), pp. 2606-2608, are 

nicators and televisions, for example, that are thin, reliable, essentially "see- through" devices. However, as with the 

and low-cost. One technique being actively pursued makes glass substrate devices discussed above, the transparent 

use of the light-emitting properties of certain organic mate- 15 nature of the displays limits the amount of contrast which 

rials. These materials, such as aluminum tris can be obtained between their pixels' on and off states. 
8-hydroxyquninoline (Alq^ , are sandwiched between 

anode and cathode electrodes, and emit light when a voltage SUMMARY OF THE INVENTION 

is applied across the electrodes. An organic light-emitting pixel structure is presented 

One organic-material-based display is discussed in P. 20 which overcomes the problems noted above. The novel 

May, "Light- Emitting Polymers: A Technology for Con- pixels are arranged into two-dimensional arrays to form 

formable Graphic Displays", SID 96 Digest, paper 14.4, pp. high-contrast passive- and active-matrix displays. 

192-195. The display is configured as a twondimensip nal The invention makes use of an organic light-emittin g 

array of in dividually addressable pixels which form a material sandwiched between an anode and a cathode, 

^passive- matrix display. The display's electrodes are formed Improved contrast over the prior art is achieved by reducing 

as first ana second layers of parallel strips, with a continuous the amount of ambient light reflected by the pixel, and by 

sheet of organic material sandwiched between the two reducing the optical scattering between pixels: two of the 

layers. The electrode strips of the upper layer are oriented inherent drawbacks of prior art designs. Reflection of ambi- 

perpendicular to the strips of the lower layer, and pixels are ^ ent light is reduced by placing a dark, low-reflectance film 

formed at the points where the perpendicular electrodes between a reflective or transparent substrate and the elec- 

cross. The perpendicular electrode strips act as addressing trode on the substrate side of the organic material. The dark 

lines: light is emitted from an individual pixel when a film acts to absorb and/or trap ambient light incident on the 

voltage is applied across its upper and lower electrodes so pixel, improving the pixel's contrast between on and off 

that a current passes through the organic material sand- ^ states. Optical scattering is reduced by fabricating a vertical 

wi cried between them. wall around each pixel. The wall extends above the pixel's 

This arrangement suffers from several problems, top electrode, effectively blocking out light emitted from 

however, including poor contrast, optical and electrical adjacent pixels and preventing the scattering of the pixel's 

crosstalk, and low brightness. Such a display suffers from own emitted light. 

poor contrast due to the refle cti ve n a ture of the , lin ger 4Q Light emitted from the invention's organic material pref- 

£leclrodes: t he upper electrode strips serve as cathodes, and erably leaves the pixel through a transparent upper electrode, 

are made from magnesium-silver (Mg — A g) a highly reflec- rather than through the substrate. This reduces the number of 

__ti ye material. Am bient light passing through the transparent material layers through which emitted light must pass from 

substrate bounces off the reflective cathodes, which signifi- two to one, which decreases the amount of light trapped due 

cantly limits the contrast between the pixel's "on state", i.e., 45 to differing refractive indices and increases the pixel's 

when the pixel is emitting light, and its "off state". efficiency. Having the emitted light exit through the upper 

Because the organic material is one continuous sh eet. electrode also allows the substrate to be non-transparent. An 

Ijpht cprr a r l * *>nm nn e p ixel re gion to.a noifae*r-resttliing in a ctive-matrix display can be built on a single silicon 

_c^tk^Uci©sstalk,-The continuous nature of the organic s ubstrate, with the crystal line silicon transistors neede d to 

material also leads to electrical crosstalk between pixels. 50 jdrgrttrg-aLLivL-iiiahiA fdbutalcJ'albngside their respectiv e 

Further crosstalk problems arise due to the fact that the pixels, Other non-transoarent substrate materiaKsuch as 

emitted light travels from the organic material to the viewer high the^maj^ndu^ l ike m etalo r^ j n ond, 

through the lower electrode strips and through the substrate, can^also be used^ 

requiring both the lower electrodes and the substrate to be a In the case of an active-matrix display, the walls surround - 

transparent material. The lower electrodes serve as anodes 55 ing the pixels are preferably formed from the drive circuitry 

and are made from indium-tin-oxide (ITO), which has a itself, with the transistors, capacitors, component intercon- 

refractive index of about 2.2. The substrate is typically glass, nections and addressing lines stacked up in the spaces 

with a refractive index of about 1.5, and air has an index of between the pixels to form the walls. Alternatively, metal or_ 

1. Due to these different indices, some light is trapped in dielectri c materials can be depo sited To ere atp, thn siirrnund- 

both the ITO and glass layers, resulting in optical crosstalk fi0 ' uig walls, particularly tor displays which dn nnt have circuit 

and reduced efficiency. c omponents at each pixel, such a -s. a passive rrntriv rlispbv. ■ 

Displays based on organic light-emitting materials are The height of the walls surrounding the pixels is made 

fabricated on glass substrates, with light emitted through the greater than the pixels themselves to block unwanted light 

glass. However, because a glass substrate d oes not support out and to keep locally emitted light in. 

the fa b " r1cal i6n of c rystaltiBe-siHcoTrTraHsTsto (which 65 The corners of the walls surrounding the pixels also serve 

require a silic on substrate), such displays are limited to t he to physically partition the organic material, which is depos- 

passive-matnx type, which have driving transistors placed at ited as a continuous layer, so that each pixel has its own 
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distinct square of organic material. This optically and elec- 
trically isolates the pixels, reducing both electrical and 
optical crosstalk between pixels. 

Further features and advantages of the invention will be 
apparent to those skilled in the art from the following 
detailed description, taken together with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. la is a cross-sectional view of an organic light- 
emitting pixel which includes a dark, low-reflectance film. 

FIG. lb is a cross-sectional view of an alternative embodi- 
ment of an organic light-emitting pixel which includes a 
dark, low -reflectance film. 

FIG. 2a is a sectional view of an organic light-emitting 
pixel which includes an optical scattering- reducing wall, 
taken along section line 2a — 2a in FIG. 2b. 

FIG. 2b is a plan view which corresponds to the sectional 
view of FIG. 2a. 

FIG. 3a is a cross-sectional view of an organic light- 
emitting pixel suitable for use in an active-matrix display, 
cut along section line 3a — 3a in FIG. 3b. 

FIG. 3b is a top plan view of the pixel in FIG. 3a, 
illustrating the use of an insulator layer to create a pixel with 
a desired shape. 

FIG. 4a is a perspective view of an active-matrix display 
made from organic light-emitting pixels per the present 
invention. 

FIG. 4b is a schematic diagram of an active-matrix drive 
circuit that could be used with the active -matrix display of 
FIG. 4a. 

FIG. 4c is a timing diagram for the active -matrix drive 
circuit of FIG. 4b. 

FIG. 5 is a perspective view of a passive -matrix display 
made from organic light-emitting pixels per the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A cross-sectional view of an organic light -emitting pixel 
5 per the present invention is shown in FIG. la. The bottom 
layer of the pixel structure is a substrate 10. Deposited on the 
substrate is a dark, low-reflectance film 12. Above the dark 
film is a lower electrode 14, which is preferably transparent. 
Deposited above the lower electrode is an organic material 
layer 16, also preferably transparent, and above the organic 
layer is deposited a preferably transparent upper electrode 
18. 

Hie pixel 5 is made to emit light by applying a voltage 
across the upper and lower electrodes 14 and 18, causing 
current to flow through the organic layer 16. Current flow 
through layer 16 in turn causes the layer's organic material 
to emit Light in all directions. 

The dark, low-reflectance film 12 on the substrate 10 
blocks light emitted towards the substrate from exiting the 
pixel. A pixel of this configuration is viewed from above, 
with the viewer looking towards the upper electrode 18. 
Because the upper electrode 18, lower electrode 14 and 
organic layer 16 are transparent, a viewer sees only the dark, 
low-reflectance film 12 when no voltage is applied across 
the electrodes 14 and 18; i.e., when the pixel is in its "off" 
state. The dark film acts to absorb and/or trap ambient light 
impinging on the pixel, so that the pixel appears dark when 
off, even in the presence of ambient light. When a voltage is 
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applied across the electrodes 14 and 18, i.e., when the pixel 
is in its "on" state, light is emitted from the organic layer 16 
and through the upper electrode 18 to the viewer. The dark 
background provided by the organic light-emitting pixel's 

5 novel use of low-reflectance film 12 improves the contrast 
between the pixel's on and off states when compared with 
prior art pixels, which typically include reflective surfaces 
that reduce their contrast. 
The substrate material is selected depending on the needs 

10 of the application. Because light is not emitted through the 
substrate 10, the substrate need not be transparent, and due 
to the presence of the dark, low-reflectance film 12, the 
substrate 10 can even be reflective. }f electron ic cirmifry ^ 
to he fa bricat e d nn fhr .s iihstralr tn Hrivr . the , pivfO , as wh en 
a number of pixels a re arranged in a tw o-HirnrnsTonfll array 
'fcTform an active-matrix display (Hismss^H hp.lowj^thp. 
" subs trate is preferab ly silico n , whirh nipp^rtf i thf f ab ri ca- 
tion of switching and/or driving transistors on the same 
substrate as the pixel. Alte rnativel y ^ metal^ c r diamond 

2Q substrate may be prefgrabte^due totheir sup erior thfima^ 
ciinduetmtyxtiaracterisn^s, which would aid in dissipating 
the heat generated by the organic light-emitting pixels. 

Dark, low-reflectance layers, though known, have never 
before been incorporated into the design of a light-emitting 

25 pixel. The composition of low-reflectance layer 12 is depen- 
dent on the particular application. Acceptable "black matrix" 
coatings made from alternating layers of chrome and chrome 
oxide, or silicon and silicon oxide, are available from 
Optical Coating Laboratory, Inc. in Santa Rosa, Calif., under 

30 the "ShadowBand" brand name. An amorphous-SiGe:H 
compound, or black chrome, may also suffice. The film 
material should be chosen to be compatible with the mate- 
rials which make up the other pixel layers, as well as with 
the processing steps needed to fabricate the pixel. 

35 Dark background coatings of the type described here have 
been previously used in the fabrication of transparent liquid 
crystal displays (LCDs). However, because LCDs are a 
light -modulating device, the dark coating is applied in the 
form of a grid through which light can pass, which neoes- 

40 sarily limits the display's contrast. The invention also uses 
a dark, low-reflectance film, but as opposed to the LCD's 
grid arrangement, the film is present even in the area of the 
pixel from which light is emitted, providing significantly 
improved contrast. Because the film is used with a light- 

45 emitting pixel, there is no need for a contrast-reducing grid 
in the film. 

As noted above, the electrodes 14 and 18 are preferably 
transparent. The lower electrode 14 typically serves as the 
pixel's anode, for w hich a suitable transparent material is 
50 indium-tin-oxide (ITO). The upper electrode 18 typically 
serves as the pbceJIs-cathode^A suitable cathode composi- 
tion consists or a thin layer such as magnesium-silver 
(Mg/Ag) which contacts the organic layer 16, made thin 
enough (typically 50-150 A) so that it appears semi- 

55 transparent <^fjton_of_the thin layer js _a.S£CO_n d, thicker laye r 

of tran sparent electrode material, such as ITO, which com - 
pl eteslhe cathode . 

The electrodes may also be reversed from the arrange- 
ment described above, with upper electrode 18 being the 

60 anode and lower electrode 14 being the cathode. Factors 
influencing this design decision include the processing steps 
needed to produce the pixel and environmental consider- 
ations. For example, ITO is not reactive in air, and is thus 
well-disposed to serve as the outer, exposed layer of the 

65 upper electrode. 

Light-emitting organic materials are well-known and are 
not the subject of this invention. These materials typically 
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include three organic layers: a hole transporting layer, an 
electroluminescent layer, and an electron transporting layer. 
Suitable organic materials are discussed, for example, in 
U.S. Pat. No. 4,885,211 to Tang et al. 

An alternative arrangement of pixel material layers is 
shown in FIG. lb, which form an organic light-emitting 
pixel 20. Here, the dark, low-reflectance layer 12 is located 
above the upper electrode 18, and substrate 22 is transparent. 
The emitted light is observed through transparent substrate 
22, instead of through the transparent upper electrode 18 of 
FIG. la. This configuration allows a low-cost glass substrate 
to be employed, and may be preferred when fabricating a 
passive-matrix display, which does not require the silicon 
substrate preferred for an active-matrix display's drive elec- 
tronics. 

Another innovative organic light-emitting pixel structure 
is illustrated in the cross-sectional view of FIG. 2a, with a 
corresponding plan view in FIG. 2b. A substrate 30 has a 
lower electrode 32 deposited on its surface, followed by an 
organic layer 34 and an upper electrode 36, forming a pixel 
37. A wall 38 is fabricated which completely surrounds the 
pixel. The wall 38 rises approximately perpendicularly from 
the substrate 30, and and terminates above the top of the 
pixel's uppermost layer, which here is upper electrode 36. A 
practical display is made up of a number of pixels arranged 
into a two-dimensional array, with most pixels surrounded 
on all sides by adjacent pixels. The purpose of the wall 38 
surrounding the pixel 37 is to reduce the optical scattering to 
or coupling from adjacent pixels. The wall 38 reduces the 
scattering of light emitted from pixel 37, and acts to block 
light emitted from adjacent pixels from coupling with the 
light output of pixel 37. The walls also act to reduce 
electrical crosstalk between pixels, as will be discussed in 
more detail below. 

The wall 38 may be farmed in a number of ways. In a 
display made from an array of pixels as discussed above, the 
walls will be located in the spaces between pixels. The pixel 
addressing lines are also typically found in these spaces. The 
addressing lines, typically metal traces, can be used to form 
part of the wall 38. If additional height is needed to insure 
that the wall extends above the pixel's uppermost layer, 
dielectric or metal layers may be deposited as necessary. The 
width of the walls is not critical: they may be as thin as is 
practical to fabricate, as long as they remain opaque. 

If it is desired that the addressing lines not form part of the 
wall, the'wall can be made entirely o f narrow m^-f^-^rip^ 
dielectric materials , or a combination of b oth. In FIG. 2a, 
wall 38 is made from metal strips 39a, which are covered 
with an insulatin g dielectric material 391 ?, to prevent the wall 
frem-shuiliilg electrodes 32 and 36 together. 

As discussed in connection with FIGS, la and lb, the 
arrangement of electrodes 32 and 36, and the materials from 
which they are made, are design -dependent; electrode 32 can 
serve as either anode or cathode, with electrode 36 being 
complementary to electrode 32. The material comprising 
substrate 30 is also design-dependent. Silicon is not neces- 
sary-ifTabricaung a passive-matrix display, a ndjs , preferred 
if fabricati ng an active-uid li ix displa y. A glass substrate will 
provide a largely transparent pixel, but the problem of 
trapping and reflecting emitted light due to differing refrac- 
tive indices will be present. An anti-reflective coating on 
either or both sides of substrate 30 will help reduce the 
amount of light trapped. 

In the case of an active-matrix display, which character- 
istically locates a pixel's drive circuitry immediately adja- 
cent to its respective pixel, the drive circuitry and associated 
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interconnection traces can also be used to form all or part of 
the wall 38. This approach is discussed in more detail below. 

A pixel structure which includes both the dark, low- 
reflectance film of FIG. 1 and the wall of FIG. 2 is shown in 
FIG, 3a. A pixel 40 suitable for use in an active-matri x 
4isplay is shown, but most of the structure is applicable to 
jheformatj pn nf a pa^sive-malrix display. 

Fabricated atop a substrate 42 are the drive circuitry 
components associated with pixel 40. A capacitor 44 is 
formed on one side of the pixel, and a transistor 46 formed 
on the pixel's opposite side. These components , _are, n f 
course, not present when fabricating a pixel for use in a 
" passive -matrix display] 

A dark, low-reflectance film 48 is located above the drive 
circuitry, and preferably covers the entire pixel area. If the 
low-reflectance film 48 is conductive, an insulator layer 50 
is placed between the circuitry 44, 46 and the film, to 
electrically isolate the circuitry from the film. The insulator 
layer 50 is preferably present only over the drive circuitry, 
and need not cover the entire pixel area. Similarly, a dielec- 
tric layer 52 is placed above the low-reflectance film 48 
when the film is conductive, to electrically isolate the film 
from the layers above it. If dark, low-reflectance film 48 is 
non-conductive, insulator layer 50 and dielectric layer 52 are 
unnecessary and may be eliminated from the structure. 

Alower electrode 54 is pl aced above the dielectric layer 
52 and/or low-reflectance film 48. A means must be provided 
by which the lower electrode 54 receives an electrical signal. 
For example, as shown in FIG. 3a, t he lower electrode can 
b e extended on one side and made to^ contact a . conductive " 
surface of the transistor 46, passing through the interveni ng 
dielectric, film, and insulator layers bv wav of a via 56. 

Another insulator layer 58 is placed above the lower 
electrode 54, to electrically isolate from the layers above any 
portion of the lower electrode not used to induce light 
emission. Insulator layer 58 is not continuous, and should 
not extend into the area between capacitor 44 and transistor 
46 where the organic material layer is located and where 
light emission will take place (unless insulator layer 58 is 
used to define a particular pixel shape, as discussed below). 

An organic ma^erial layer 60 is_a bove the lower electrode 
54, which, as discussed above, is not limited to any particu- 
lar composition. An upper el ectrode ()2 is located above the 
organic material layer 6U, and as with lower electrode 54, 

extends on one or b O f h S'^ ftR flC npr^ccary tn make e lent p cfll 

contact with the, drive circuitry. 

If the electrodes and organic material layer 60 can be 
precisely aligned, so that layers 54 and & npwr tnnr.h, 
insulator layer 58 may not be necessary^ However, alignment 
inaccuracies inherent i n trie tabrication^rocess m ake the use 
of insulat or layer 58" advisable. , s 

Insulator layer 58 is also useful to define the boundaries 
of the "light -emitting region" of the pixel 40. The layer 58 
is deposited everywhere but in those regions from which 
light is to be emitted, so that an unobstructed electrical path 
from one electrode, through the organic material layer 60 
and to the opposite electrode exists only where insulator 
layer 58 is absent; the pixel's light-emitting region is thus 
defined by the boundaries of the insulator layer 58. 

Insulator layer 58 can also be used to create pixels which 
emit light in a particular pattern, such as a letter, star, or 
circle. This is done by patterning insulator layer 58 so that 
the unobstructed electrical path provided between electrodes 
conforms to the desired emission pattern. An example of this 
is illustrated in the top plan view of FIG. 3b (showing layers 
58 and 62 only for clarity): insulator layer 58 runs below 
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metal cathode layer 62, and serves to insulate the cathode 
from the layers below it. The insulator layer 58 is continuous 
under the cathode, with the exception of a circular area 63 
in which no insulator material is present. Because an unob- 
structed electrical path only exists where insulator layer 58 
is absent, a circular light-emitting region is created. Other 
pixel shapes are similarly created. Note that insulator layer 
58 blocks the electrical path between upper and lower 
electrodes whether placed below or above organic layer 60. 
Either placement is acceptable. 

The composition and arrangement of the electrodes 54 
and 62 is design-dependent. As noted in connection with 
FIGS, la and lfc^ the pixel's electrodes can be arranged such 
Jhat lower electrode 54 serves as anode and upper electrode _ 
62 serves as cathode, or vice versa. Both electrnHrs arr- 



a Q . Q:\r(Dark, low-reflectance film 48 is preferably applied on the 

^p^V f *o — , i,^ ... ^ ^ . 




preferably transparent, so that one viewing the pixel from 
above sees the dark, low-reflectance film 48 when the pixel 
is in its off state, with the resulting cenefit of improved 
contrast. 

As noted in conjunction with FIG. lb above, the dark, 
low-reflectance film 4$ could also be located above the 
upper electrode 62, and the pixel viewed through substrate 
42. In this case, substrate 42 should be transparent. If the 
low-reflectance film 48 is conductive, an insulating layer 
should be placed between the upper electrode 62 and the 
film, to prevent shorting the upper electrode to other areas to 
which the low-reflectance film may extend. The invention is 
not limited to any particular composition of low-reflectance 
film, with, as noted above, a number of acceptable materials 
known in the art. 

The structure of pixel 40 als o includes a wall 64 which 
surrounds its light-emitting region and extends above its 
upper electrode 62. The wall 64 is preferably comprised of. 
.t he drive cir cuitry such as ca pacitor 44 and transistor ,4 6. 
interconnection traces such as the extension of lower elec- 
tfode-54rand structure lay ers such as Insulator laye rs 50 and 
58 and dielectric layer :>2. the drive circuitry and structure 
layers are stacked atop each other in the spaces between the 
pixels to form the wall 64, with most of its height typically 
coming from the drive circuitry and insulator layers. As 
noted above, the wall must extend above the top surface of 
the highest pixel layer, typically the upper electrode 62, in 
order to provide the benefits of reduced optical scattering 
and is coupling . If an insufficient height is attained with the 
.Stac king of the components and layers noted above, addi- ^ 
tional_la vers_should_b e fabricated, from dielectric or metal 
materials, to insure__t hat_ the wall extends above the light- 
"Cemittragrregion: 



20 



25 



30 



35 



40 



surface of^ub'strate 42," alTd light is thus emitted towards a 50 
viewer through the upper electrode 62. As such, substrate 42 
need not be transparent. For an active-matrix display, sub- 
strate 42 is preferably a semiconductor material such as 
silicon, and the transistors) of the drive circuitry are then 
fabricated on the same substrate as the pixel. The capability 55 
of integrating the drive circuitry and the pixels on a common 
substrate, as described herein, is another of the present 
invention's major benefits. The advantages generally atten- 
dant to an increased degree of integration are also in 
evidence here: fabrication time and cost is reduced and 
reliability is increased. Because the substrate may be silicon 
instead of glass, crystalline silicon transistors may be 
implemented, which offer lower leakage currents and higher 
current-drive capabilities when compared with the polysili- 
con transistors on a glass substrate of the prior art. 

The composition of the insulator layers 50 and 58, as well 
as dielectric layer 52, are design-dependent; it is only 



60 
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essential that each provide electrical isolation between the 
components or layers on either side. The ability of these 
layers to cover the sharp steps of the pixel's wall, the 
temperatures encountered during subsequent fabrication 
steps, and the layer' respective refractive indices might all 
be considered when selecting the materials to use for these 
layers. 

The active-matrix drive circuitry components 44, 46 
shown in FIG. 3a are merely illustrative; the actual number, 
type, and arrangement of components is design-dependent, 
and drive circuitry design techniques are well-known in the 
art. 

If used in a passive -matrix display, the structure of th e 
pixel 40 would differ from that shown in that the capacito r 
44 an d transistor 46 would not be present. Ho wever, the 
"addressing lines used by a passive matrix display can be run 
in the spaces between pixels, to provide part of the structure 
of a surrounding wall in the same way that capacitor 44 and 
transistor 46 do. 

A plan view of an active-matrix display formed from a 
number of organic light-emitting pixels 40 arranged in a 
two-dimensional "row and column" array is shown in FIG. 
4a, with a design of a pixel's driving circuitry shown in a 
corresponding schematic shown in FIG. 4b and a timing 
diagram shown in FIG. 4c.JSwitchiiigJnmsjstor 46 is fab- 
ricated on common substrate 42 adjacent to~each pixel. 

The invention i s not limited to any specific transistor type, 
an d may be b ipolar or FET, for example. Assiiiiiujg tiamis- 
toir46 is a I'LJ, a low sdcct addressing line 66 is connected 
to the gates of each of the switching transistors in the row, 
and a column data line 68 is connected to the drain of each 
of the switchin g transistors in a colu mn. The switching 
t ransj sto^s^ug^Js^orinected to storage capacitor 44 and 
to the gate of a driving transistor 70, ..whose drain is 
connected to the other side of capacitor 44 and to a ground 
line 72. Because column data line 68 typically toggles 
between positive and negative voltages, the source and drain 
terminals of switching transistor 46 may be reversed in the 
above discussion. 

The capacitor 44 is shown as a U-shaped device that 
follows the outline of the pixel. The capacitor used with the 
present invention is not limited to any particular shape or 
value. If additional surface area is needed, the capacitor 44 
may even extend under the pixel itself. The transistors may 
also utilize the area beneath the pixel if necessary. If the area 
"^beneath a pixel is used to accommodate drive circuitry, the 
circuit components should be located beneath the dark, 
low-reflectance film 48, so that the invention's contrast 
improving benefits are retained. If the low -reflectance film is 
conductive, the circuitry should be beneath an insulator 
layer 50 as well. 

The pixel' respective anod es are connected to the sourc es 
of then lespectlVe driving transist ors, and their cathodes are 
connec ted tu a negativ e sire my^ohage ^ine 74. Pixel 40 
emits hgh^ wfien its'd nving transistor 70 is turned on, which _ q 
cause s current to fl o w throug rT the organic m ateria~t~be1ween 0>^W^HL^/^?r 
TEe anode and cathode. With reference to ihe uming^iagram f\ sp 

in FIG. 4c, driving transistor 70 turns off (and no light is 
emitted) when the column data line 68 is low when the row 
select line 66 is pulsed. Transistor 70 is turned on when the 
column data line is high, i.e., at ground potential or higher, 
when the row select line is pulsed; this condition also 
charges storage capacitor 44, which maintains the pixel's 
"on" state after the row select line goes low. Transitions of 
column data line 68 are ignored when row select line 66 is 
low. 
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For purposes of seeing the drive circuitry, FIG. 4a does 5. If the dark, low-reflectance film to be used is a 
not show the low-reflectance film, nor the various insulator conductive material, deposit the dielectric layer 52. Since 
and dielectric layers, discussed in connection with pixel 40 the dielectric layer serves to electrically isolate the low- 
in FIG. 3a. These layers are present, however, and when reflectance film 48 from the layers above it, the dielectric 
combined with the circuitry and addressing lines positioned 5 ] a yer should be continuous and completely cover the low- 
in the spaces between the pixels, form surrounding walls 64 reflectance film 48. 

around each pixel. This placement of addressing lines in the , Ct , . e , tU , , ^ . , ~ , . , 4 

spaces between the pixels is in contrast to that usually found . 6 ' Etch vias 56 ih ™& * c lectnc a ?. d ^ insulator 

in the prior art, where a display's addressing lines are ^ crs as DCCC ^V° pr0Vldc ^terconnection paths to the 

typically run above and below the pixels themselves. dnve circuitry 44, 46. 

Acomplete active-matrix display system is provided with 7. Deposit the lower electrode 54 of the pixel, with one 

the addition of a pow er surjpjy 7 *» ™* a display controller 78 end of the electrode passing through an appropriate via for 

(both shown in FTC^ZflfnT^fWe positive and negative connection to the drive circuitry and/or addressing lines. 

t erminals of power supply 76 are conn' ^d to * hp g™"n H . 8. Deposit the second insulator layer 58, patterned to 

tees52-antl s upply vul U gc linos TiTu^ i xtiv dyrof the define the light-emitting region of the pixel. As illustrated in 

active-matrix; "ground" as used herein refers to the voltage the top plan view of FIG. 3b, the patterning can be arranged 

at the positive terminal of power supply 76. The display to create a square pixel, or a pixel with a particular shape, 

controller 78 manipulates the row select lines 66 and column sucn as a letter, star, or circle. 

data lines 68 as necessary to provide a desired image. 0 Etch ^ through ^ msulator Uyer M neces . 

A passive-matnx display formed from organic light- 2Q sary t0 prov id e interconnection paths to the drive circuitry 

emitting pixels per the present invention is shown in FIG, 5. and/or addressing lines for the cathode. 

Pixels 5 are fabricated as shown in FIG. la. with an anode 10 ^ ^ Q material 60 which 

14 and cathode 18 sandwiched around an organic material ^ ^ u m * ^ iodividual u 

layer 16, with a dark, low-reflectance layer 12 (not shown) , .. „ „ ' t , f ; n l, on , \r tnc t u rn „,rU tu* ^l n ^ 

.\ ' ' _ , . . 1 . j W7 n on may entail several processing steps, vias through the organic 

between the substrate 10 and the lower electrode. Walls 80 „ c mri „ n , r . . „,m 0 ™h nrmf ;^\n ^wTri^i 

, . . , « i_ j 1 * \ c j 11 r • j r 25 layerfs) may need to be patterned to provide an electrical 

(shown with dashed fines) are formed on all four sides of ' n \'*: nn tn ,u fl „ ar JL^t™^ 

v . . . . /. i; , , .. ™ connection to the upper electrode, 

each pixel to reduce optical scattering and coupling. There rr 

is one addressing line 82, 84 per column, which is connected I 1 - ■ PfP 08 ? 1 the J u PP er clcctr ° de 6 } of me P™ 1 ' Wlth ° ne 

to each pixel anode in the column, and one addressing line end of the elect / od f P assm 8 ^ough an appropriate via for 

86, 88 per row, which is connected to each pixel cathode in connection to the dnve arcuitry and/or addressing lines, 

the row. The addressing lines are preferably run in the spaces 12. Encapsulate the light-emitting region of the pixel, 

between the pixels as shown in FIG. 5, so that they serve to with silicon dioxide or glass, for example, to protect the 

provide some of the wall' structure. An individual pixel in pixel layers from environmental exposure. If glass is used, 

the display emits light when the addressing lines are an anti-reflective coating should be applied to the glass' 

manipulated so that a current is made to flow through the 35 pixel side. 

organic material layer of that pixel. The drive circuitry and interconnection lines arranged 

A fabrication method is used to implement the invention's around the pixel, and the pixel layers themselves, form a 

improved contrast organic light-emitting pixels on a com- wall 64 around the pixel. The height of the wall is sufficient 

mon substrate with active-matrix drive circuitry, as follows if it exceeds the height of the top surface of the upper 

(with reference to the cross-sectional view of FIG. 3a): 4Q electrode. If it does not, additional dielectric or metal 

1. Active -matrix drive circuitry components such as deposition steps should be performed in the areas surround- 
capacitor 44 and transistor 46 are fabricated on the substrate ing the pixel until the height of the wall is sufficiently high. 
42 first, using standard silicon fabrication methods well- In addition to the reduction in optical scattering and 
known in the art. The drive components should be placed coupling, the walls around the pixels provide another ben- 
immediate ly adjacent to the area which will contain the 45 efit. When an array of pixels is fabricated, the organic 
pixel. material layer is typically deposited as a continuous layer 

2. The material layers deposited to form the drive circuitry over the array. The deposition is usually accomplished by 
will typically remain after the processing steps for those evaporation, which, if the sides of the walls are steep 
components are completed. These materials are preferably enough, provides little to no coverage of the vertical sides of 
removed from the areas of the substrate in which the pixels 50 the walls. The walls thus serve to partition the organic layer 
will be fabricated, which keeps the height of the pixel areas so that each pixel has its own distinct square of organic 
as low as possible and begins the formation of the surround- material, which reduces the optical and electrical crosstalk 
ing walls. between pixels when compared with a continuous organic 

3. If the dark, low-reflectance film to be used is a material layer as used in the prior art. The walls should be 
conductive material, deposit the first insulator layer 50. This 55 at least lhick and ™ stee P ™ possible to help insure the 
layer can be patterned so that it covers the drive circuitry partitioning of the organic layer. 

only, or continuous. However, it is important that the com- While particular embodiments of the invention have been 

pie ted pixel not extend above the top of the walls that will shown and described, numerous variations and alternate 

be erected around it. Any material layers which are present embodiments will occur to those skilled in the art. 

in the pixel areas, but unnecessary to the pixel' function, 60 Accordingly, it is intended that the invention be limited only 

increases the height of the pixels and requires a correspond- in terms of the appended claims. . 

ing increase in the height of the walls. Thus, the first I claim: 

insulator layer 50 is preferably patterned to avoid the 1. An improved contrast organic light-emitting pixel, 

presence of insulator material in the pixel areas. comprising: 

4. Deposit the dark, low-reflectance film 48. This film is 65 a support body having a low-reflectance surface, said 
to be deposited continuously, covering everything fabricated support body comprising: 

in steps 1-3. a substrate, and 
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a dark low-reflectance film on said substrate, a lower 
electrode on said low-reflectance film, an upper 
electrode, and 

an organic material layer sandwiched between said 
lower and upper electrodes and forming a light- 
emitting region with said electrodes, said light- 
emitting region emitting light when a voltage is 
applied across said electrodes, 

said low- reflectance surface improving the contrast 
between on and off states of said pixel when said 
pixel is viewed through said upper electrode. 

2. The organic light-emitting pixel of claim 1, wherein 
said substrate is silicon. 

3. The organic light-emitting pixel of claim 2, further 
comprising at least one crystalline silicon transistor and at 
least one capacitor fabricated on said substrate with said 
pixel, said transistor and capacitor forming a circuit arranged 
to apply said voltage across said upper and lower electrodes. 

4. The organic light-emitting pixel of claim 3, wherein at 
least a portion of said at least one capacitor and said at least 
one transistor are arranged under said low-reflectance layer. 

5. The organic light-emitting pixel of claim 3, further 
comprising a first insulator layer between said transistor and 
capacitor and said low-reflectance film to electrically isolate 
said transistor and capacitor from said film. 

6. The organic light-emitting pixel of claim 3, further 
comprising a plurality of additional pixels having respective 
transistors and capacitors forming respective circuits 
arranged to apply voltages across the upper and lower 
electrodes of respective pixels, said plurality of pixels 
arranged in a two-dimensional array and forming an active- 
matrix display. 

7. The organic light-emitting pixel of claim 1, wherein 
said low-reflectance film is present beneath the light- 
emitting region of said pixel. 

8. The organic light-emitting pixel of claim 1, further 
comprising a second insulator layer above said lower elec- 
trode arranged to block the electrical path between said 
lower and upper electrodes except in said light-emitting 
region, said second insulator layer defining the size and 
shape of said light-emitting region. 

9. The organic light-emitting pixel of claim 8, wherein 
said second insulator layer is patterned to produce a light- 
emitting region with a desired shape. 

10. The organic light-emitting pixel of claim 1, wherein 
said lower and upper electrodes are transparent. 

11. An improved contrast organic light -emitting pixel, 
comprising: 

a transparent substrate, 

a lower electrode on said substrate, 

an upper electrode, 

an organic material layer sandwiched between said lower 
and upper electrodes and forming a light-emitting 
region with said electrodes, said light-emitting region 
emitting light when a voltage is applied across said 
electrodes, and 

a dark, low-reflectance film on said upper electrode, said 
low-reflectance film improving the contrast between 
said pixel's on and off states when said pixel is viewed 
through said substrate. 

12. An improved contrast organic light-emitting pixel, 
comprising: 

a substrate, 

a lower electrode on said substrate, 
an upper electrode, 

an organic material layer sandwiched between said lower 
and upper electrodes and forming a light-emitting 
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region with said electrodes, said light-emitting region 
emitting light when a voltage is applied across said 
lower and upper electrodes, and 
an opaque wall which surrounds said light-emitting 
5 region, rises above the upper electrode of said light- 
emitting region and optically isolates said region from 
any adjacent light-emitting regions, said wall reducing 
the crosstalk between said pixel and any adjacent 
pixels. 

10 13. The organic light-emitting pixel of claim 12, wherein 
said substrate is silicon. 

14. The organic light-emitting pixel of claim 13, further 
comprising at least one crystalline silicon transistor and at 
least one capacitor fabricated on said substrate with said 

15 pixel, said transistor and capacitor forming a circuit arranged 
to apply said voltage across said upper and lower electrodes. 

15. The light-emitting pixel of claim 14, further compris- 
ing a plurality of additional pixels having respective tran- 
sistors and capacitors forming respective circuits arranged to 

20 apply voltages across the upper and lower electrodes of 
respective pixels, said plurality of pixels arranged in a 
two-dimensional array and forming an active- matrix display 
in which each pixel's respective wall reduces the optical 
scattering and coupling between pixels when compared with 

25 an active- matrix display without said walls. 

16. The organic light-emitting pixel of claim 14, wherein 
said at least one capacitor and said at least one transistor are 
arranged around said pixel and form part of the structure of 
said wall. 

30 17. The organic light -emitting pixel of claim 12, wherein 
said wall comprises thin metal strips. 

18. An improved contrast organic light-emitting pixel, 
comprising: 

a substrate, 

a dark, low-reflectance film on said substrate, 
a lower electrode on said low-reflectance film, 
an upper electrode, 

an organic material layer sandwiched between said lower 
40 and upper electrodes and forming a light-emitting 
region with said electrodes, said light-emitting region 
emitting light when a voltage is applied across said 
lower and upper electrodes, and 
an opaque wall which surrounds said light-emitting region 
45 and rises above the upper electrode of said light- 
emitting region and optically isolates said region from 
any adjacent light-emitting regions, said wall reducing 
the crosstalk between said pixel and any adjacent pixels 
and said low-reflectance film improving the contrast 
50 between said pixel's on and off states when said pixel 
is viewed through said upper electrode. 

19. The organic light-emitting pixel of claim 18, wherein 
said substrate is diamond. 

20. The organic light -emitting pixel of claim 18, wherein 
55 said substrate is metal. 

21. The light-emitting pixel of claim 18, wherein said 
organic material layer comprises a hole transporting layer, 
an electroluminescent layer, and an electron transporting 
layer. 

60 22. An organic light-emitting pixel, comprising: 
a substrate, 

a lower electrode on said substrate, 

an upper electrode, 
65 an organic material layer sandwiched between said lower 
and upper electrodes and forming a light-emitting 
region with said electrodes, said light-emitting region 
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emitting light when a voltage is applied across said 
lower and upper electrodes, and 
an insulator layer above said lower electrodes patterned in 
a desired shape to partially block the electrical path 
between said lower and upper electrodes and to leave 5 
an unobstructed electrical path of said desired shape 
between the electrodes, said organic material layer 
emitting a light pattern in said desired shape. 

23. An improved contrast organic passive-matrix light- 
emitting display, comprising: 10 

a substrate, 

a plurality of light-emitting pixels formed on said sub- 
strate and arranged in a two-dimensional array, each 
pixel comprising: 15 
a low-reflectance film on said substrate, 
a lower electrode on said low- reflectance film, 
an upper electrode, 

an organic material layer sandwiched between said 
upper and lower electrodes and forming a light- 
emitting region with electrodes, said light-emitting 
region emitting light when a voltage is applied across 
said upper and lower electrodes, and 

an opaque wall which surrounds said light-emitting 
region and rises above the upper electrode of said 25 
light-emitting region to optically isolate said region 
from adjacent light-emitting regions, and 
a plurality of addressing lines interconnecting said upper 

and lower electrodes and arranged to selectably apply 

voltages across the respective upper and lower elec- 30 

trodes of individual pixels. 

24. An improved contrast organic active-matrix light- 
emitting display, comprising: 

a substrate, 

a plurality of pixels formed on said substrate and arranged 35 
in a two-dimensional array, each pixel comprising: 
a low-reflectance film on said substrate, 
a lower electrode on said low-reflectance film 
an upper electrode, 

an organic material layer sandwiched between said 40 
upper and lower electrodes and forming a light- 
emitting region with said lower electrode on said 
low- reflectance film, said light-emitting region emit- 
ting light when a voltage is applied across said upper 
and lower electrodes, and 45 

an opaque wall which surrounds said light-emitting 
region and rises above the upper electrode of said 
light-emitting region to optically isolate said region 
from adjacent light-emitting regions, 
a plurality of transistors, each transistor connected to an 50 

electrode of a respective light-emitting pixel, and 
a plurality of addressing lines arranged to operate said 

transistors such that voltages are selectably applied 

across the respective upper and lower electrodes of S5 

individual pixels. 

25. The active-matrix display of claim 24, wherein said 
substrate supports said addressing lines and forms part of the 
structure of said transistors. 
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26. The active-matrix display of claim 24, further com- 
prising a plurality of capacitors, each capacitor intercon- 
nected with a respective one of said transistors. 

27. The active-matrix display of claim 26, wherein each 
of said pixels is connected to a respective drive circuit 
comprising at least two of said transistors and one of said 
capacitors, said drive circuit adjacent to said pixel and 
supported by said substrate. 

28. The active matrix display of claim 24, wherein said 
transistors and addressing lines are arranged around said 
pixel and form part of the structure of their respective walls. 

29. An improved contrast organic light-emitting active- 
matrix display system, comprising: 

a substrate, 

a plurality of pixels formed on said substrate and arranged 
in a two-dimensional array, each pixel comprising: 
a low-reflectance film on said substrate, 
a lower electrode on said low-reflectance film, 
an upper electrode, 

an organic material layer sandwiched between said 
upper and lower electrodes and forming a light- 
emitting region with said lower electrode on said 
low-reflectance film, said light-emitting region emit- 
ting light when a voltage is applied across said upper 
and lower electrodes, and 

an opaque wall which surrounds said light-emitting 
region and rises above the upper electrode of said 
light-emitting region to optically isolate said region 
from adjacent light-emitting regions, 
a plurality of transistors, each transistor connected to an 

electrode of a respective light -emitting pixel, 
a plurality of addressing lines arranged to operate said 

transistors such that voltages are selectably applied 

across the respective upper and lower electrodes of 

individual pixels, 
a power source connected to provide said voltages across 

the respective upper and lower electrodes of individual 

pixels, 

a display controller arranged to manipulate said address- 
ing lines to produce a desired image on said array of 
pixels. 

30. An improved contrast organic light-emitting pixel, 
comprising: 

a support body having low-reflectance surface, 
a lower electrode on said low-reflectance surface, 
an upper electrode, and 

an organic material layer sandwiched between said lower 
and upper electrodes and forming a light-emitting 
region with said electrodes, said light-emitting region 
emitting light when a voltage is applied across said 
electrodes, 

said low-reflectance surface improving the contrast 
between on and off states of said pixel when said pixel 
is viewed through said upper electrode. 

31. The organic light-emitting pixel of claim 22, having a 
single electrode pair comprising said lower and upper elec- 
trodes. 
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